Abstract The aim of the present study was to investigate the seroprevalence of Hepatitis A virus antibodies in patients with clinical symptoms of viral hepatitis and molecular characterization of the detected isolates. The present study deals with the seroprevalence and the genetic diversity of HAV in 400 Tunisian patients presenting in dispensaries (160 patients) and in University Hospitals (240 patients) with hepatitis symptoms between 2006 and 2008. The patients with acute hepatitis were mainly from rural regions. However, the total number of patients was decreased over time. The collected samples were from patients with hepatitis symptoms occurring mainly during January-March (36.7, 26, and 35.5%) and SeptemberDecember (39.4, 43.4, and 35 .5%) during the three years of study, respectively. However, HAV infection was established for only 110 among 400 patients. The detected isolates were clustered within sub-genotype IA. The present study constituted another report of the continued surveillance of HAV infection in the region of Monastir and the molecular characterisation of the detected strains.
Introduction
Hepatitis A virus (HAV) constitutes the principal etiological agent of acute hepatitis throughout the world, causing substantial morbidity in both developed and developing countries. The severity of hepatitis A is multifactorial, with age, gender, and drug toxicity [24] . HAV, member of the genus Hepatovirus of the Picornaviridae family, has been shown to be responsible for numerous disease outbreaks [5, 8] related to personal and sexual contacts [3, 6, 9] . In addition, several outbreaks were associated to contaminated food and water [9, 12] , drug use [1] , and other transmission pathways [33] . It is not possible to distinguish HAV strains by serotyping analysis, but seven genotypes can be differentiated with molecular methods: genotypes I, II, III and VII are associated with human infections whereas genotypes IV, V and VI cause infections in simians [29] .
Genomic heterogeneity of HAV has been demonstrated based on different genome regions, including those encoding for the virion protein VP3 C-terminus [16] , the VP1 N-terminus [26, 27] and the VP1/2A junction (168 bp) [4, 7, 27, 33] , which is considered to be the most variable [33] and the most used for genotyping HAV.
Genotypes are distinguished by 15-25 % sequence diversity, whereas sub-genotypes (also referred to as subtypes) in each genotype differ in about 7.5 % of base positions [28] . Subtype IA appears to be responsible for the majority of hepatitis A cases worldwide, whereas subtype IB viruses have been found in the Mediterranean region. The others human genotypes are very infrequent [18, 28] . Comparison among nucleotide sequences allows genetically relating different strains during an outbreak and providing new insights into the molecular epidemiology of HAV.
The improvement in the environmental hygiene and the quality of drinking water in Tunisia has reduced hepatitis incidence and the risk of infection has been dropped significantly [17] . Although HAV incidence in Tunisia was studied [14] , the surveillance of this infection need to be continued and the acquired data about this infection need to be updated and evaluated. Unfortunately, the surveillance of this infection was not done in a continued manner lack of facilities and sometimes practical reasons.
The aim of this study was to determine the seroprevalence of HAV in Tunisian patients and to complete the analysis by molecular characterization of HAV isolates.
Materials and Methods

Human Serum Samples
We analyzed 400 serum samples collected from the same number of patients (they were from 136 urban and 264 rural regions) between January 2006 and December 2008. The serum samples (220 males and 180 females) were from University Hospitals in Tunisia. Patient ranged in age from 1 to 60 years old with clinical symptoms of viral hepatitis such as jaundice (n = 250, 62.5 %), fever (n = 270, 67.5 %), fatigue (n = 380, 95 %), nausea (n = 240, 60 %), vomiting (n = 94, 23.5 %), and anorexia (n = 50, 12.5 %). The patients showed high levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP) as compared to the normal levels. Based on their age, patients were categorized into three groups: \6 years, n = 134, 33.5 %; 6-15 years, n = 155, 38.75 %; [15 years, n = 111, 27.75 %. Two hundreds eighty-nine (72.25 %) out of the 400 serum samples were collected from patients under 15 years of age. Samples were used immediately or stored at -70°C until use.
Serological Procedures
Sera were tested for hepatitis B surface antigen (HBsAg) and for IgM antibodies directed against the hepatitis B virus core protein (IgM antiHBc) using Hepanostika HBsAg Uniform II and HBc IgM kits (both from Organon Teknika, Boxtel, Netherlands), respectively. In addition, sera were tested for hepatitis C virus using anti-HCV antibodies (UBI HCV EIA 4.0 kit, Organon). Samples were tested on the basis of their positivity for the anti-HAV IgM antibody using Abbott diagnosis kit (Abbott Laboratories, Rungies, France), according to the manufacturer's instructions.
Nucleic Acid Extraction and Real-Time PCR Viral RNA was extracted from 400 ll of each serum sample using QIAamp viral RNA kit (Qiagen, Paris, France), according to the manufacturer's instructions. Viral RNA was eluted in 50 ll of RNase-free distilled water and was used immediately or stored at -80°C until use. Positive anti-HAV IgM samples were analysed by Realtime PCR (RT-PCR) and by conventional reverse transcription PCR using several sets of primers in order to quantify the viral load and to determine the virus genotype. non coding region (5 0 NCR), as described previously [7] . For conventional PCR, a set of primers were used to amplify the VP1/2A junction (168 pb) [15, 21, 31] . RTPCRs were carried out using a Qiagen OneStep RT-PCR kit (Qiagen, hilden, germany) according to the manufacturer's instructions.
Sequencing and Analysis of Viral Genome
PCR products of the VP1/2A junction were used for DNA sequencing using the commercial Terminator cycle sequencing ready reaction kit (ABI Prism BigDye, Applera Corporation, Forster City, CA). DNA sequencing was carried out using an automatic sequencer 373A DNA sequencing system (Applera Corporation, Forster City, CA). Sequences were aligned by using the ClustalW software [32] , and optimized manually. Phylogenetic tree was constructed by using the computer program MEGA version 4.0 [30] . Statistical analyses were performed with SPSS software version 17. p values B 0.05 were considered significant.
Results
Four hundred patients were enrolled in the present study. Most of patients with hepatitis symptoms were from rural regions (n = 264, 66 %). As shown in Table 1 (Fig. 1) .
Presence of HAV in Serum Samples
HAV genome was detected in 110 (27.5 %, 79 IgM positive and 31 IgM negative) out of 400 samples. All IgM positive samples were RT-PCR positive (p = 0.02). During January-March and September-December, HAV genome was detected in 75 % (80 % from rural areas), 68.5 % (85.7 % from rural areas), and 65.7 % (82.8 % from rural areas) of cases throughout the three years of the study, respectively. The highest viral loads during HAV viremia were detected in samples collected during January-March (mean; 3.5 Log 10 /ml ± 0.5, 2.5 Log 10 /ml ± 0.5, 2.9 Log 10 / ml ± 0.1) and September-December (mean; 3.17 Log 10 / ml ± 0.4, 2.7 Log 10 /ml ± 0.4, 2.7 Log 10 /ml ± 0.3) for the three years of the study, respectively ( (Fig. 1 ).
Sequence Analysis of HAV RNA Genomes
The HAV genome fragment, with a size of 168 nucleotides of the VP1/2A junction region, was amplified by RT-PCR. The amplified products were purified by phenol-chloroform extraction. Twenty five HAV isolates from sera were subjected to direct DNA sequencing. The nucleotide sequences of HAV were deposited in GenBank under the following accession numbers: GQ453437 (tun03-05), GQ453438 (tun06-05), GQ453439 (tun15-05), GQ453440 (tun95-06), GQ453441 (tun112-06), GQ453442 (tun113-06), GQ453443 (tun22-05), GQ453444 (tun29-05), GQ453445 (tun117-06), GQ453446 (tun37-05), GQ453447 (tun39-05), GQ453448 (tun123-06), GQ453449 (tun42-05), GQ453450 (tun59-05), GQ453451 (tun63-05), GQ453452 (tun67-05), GQ453453 (tun75-05), GQ453454 (tun76-05), GQ453455 (tun127-06), GQ453456 (tun80-05), GQ453457 (tun130-06), GQ453458 (tun145-06), GQ453459 (tun139-06), GQ453460 (tun48-06), and GQ453461 (tun155-06). Subsequently, the 168 pb products of the VP1/2A region were analyzed and compared with the reference strains L07687 (strain Arg90), AJ505574 (strain IT-SIB-01), L07712 (strain China81), AJ245523 (strain CU-26F), AY149884 (strain Sukhirin 7015), AY149888 (strain Yi-ngo 9250), AJ505563 (strain IT-CAP-00), AY294047 (strain IT-MAR-02), AF314208 (strain L-A-1), L07728 (strain Jor88), L07703 (strain Ag6014), AF268396 (strain HAF-203), M14707 (strain HM-175), X75215 (strain GMB), M20273 (strain MBB), AY644670 (SLF88), AY644676 (CF53/Berne), and D00924 (AGM27). Sequence analysis showed high similarity (99 %) among HAV strains isolated in serum samples. Comparative analysis classified the detected isolates within sub-genotype IA (Fig. 2) .
Discussion
The decrease in number of patients suffering acute hepatitis was certainly in relation with the improvement of the socio-economic level and the hygiene conditions. However, the number of patients from rural regions was high comparing to urban regions. All IgM-positive samples in the present study were positive for HAV RNA, which provided information on the specificity of surveillance data and the absence of false-positive serologic results. However, the false-positive serologic results may occur as described previously for patients with persisting HAV IgM [34] , cross-reactions in the test (e.g., in acute-phase infections with Epstein-Barr virus) [35] , or nonspecific polyclonal activation of memory cells [36] . HAV RNA was detected in 31 IgM-positive patients. These samples were retested to exclude any false-positive HAV RNA possibly from RNA contamination of the clinical specimen. The same results obtained for each test suggest that HAV RNA can be detected in serum samples before IgM antibodies to HAV were detected as described previously [37] . These data demonstrated that HAV RNA testing could be more appropriate control for HAV infection. In our study, the age-distribution showed that HAV infection increased with age. Children under the age of 6 years are particularly effective transmitters of hepatitis A infection. This constitutes risk factor for HAV infection of adults. Thus, young children should be the primary focus of vaccination.
However one out of 10 patients arrives to the adult age without having been in contact with the HAV as reported previously [25] , these individuals can make a firstlyinfection therefore to an age sometimes advanced relatively with a severe clinical expression [19] . The current evidence that an important proportion of the population of young people is susceptible to HAV infection has a number of public health implications. These susceptible individuals will be at risk of acquiring HAV later in life, leading to a more severe disease. The prevalence of sub-group IA in the tested samples is in line with our previous reports [13] , in which sub-genotype IA was the predominant type in acute HAV infection. This sub-genotype was predominant in other countries such as Brazil, Cuba, Costa Rica, Argentina, and Thailand [2, 10, 11, 20, 23] . Other reports described the prevalence of sub-genotype IB Turkey [22] .
We are aware that this study has some limitations. The exclusion of patients attending private hospitals meant that it was not possible to better evaluate the incidence rate of HAV infection. This exclusion criterion was justifiable for operational reasons. However, HAV still represents a major public health problem and permanent surveillance could prove to be a valuable strategy in the study of prevalence and of the incidence of various pathogens, especially when there is a lack of sufficient clinical data. Recommendation of vaccination depends on the HAV endemicity of the region. HAV vaccination was recommended in intermediate endemicity areas. Vaccination interrupts virus transmission very efficiently and can lead to a substantial reduction in the incidence of HAV infection in the entire population. were hidden. Cut-off value for condensed tree is 70 %. HAV genotypes IA, IB, IIA, IIB, and IIIA were shown. HAV strains isolated in this study were underlined
